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We evaluated an accessory that enables the Du Pont aca discrete analyzer to measure Na and K by direct potentiometry (aca/ISE). Na and K gave linear responses in both the blood and urine modes, with no carryover. No interfering species were identified in the blood mode. Intra-assay and interassay precision for Na and K were more than adequate and analytical recoveries comparable to those with flame photometry were found for plasma. The Na and K values for plasma were comparable with those obtained by use of another direct potentiometric analyzer (the Orion SS-30), but slightly higher than flame-photometric values. Samples from patients with hyperlipemia and multiple myeloma gave clinically relevant values with the aca/ISE, but the flame photometric values were artefactually low. Whole blood could not be accurately analyzed. The aca/ISE is a precise, easyto-use instrument, which gives values for plasma similar to those obtained with other direct potentiometric analyzers. For analysis of urine, certain precautions are necessary. 
Materials and Methods
We determined sodium and potassium with a flame photometer (KLiNa flame; Beckman Instruments, Inc., Fullerton, CA 92634) and with three direct potentiometric analyzers; the Orion SS-30 sodiumlpotassium analyzer, Orion Biomedical, Inc., Cambridge, MA 02139; the Nova-i analyzer, Nova Biomedical Inc., Newton, MA 02164; and the aca/ISE, Du Pont Instruments, Wilmington, DE 19898. Reproducibilityfor the blood mode was assessed by assaying two lots of pooled serum, stored frozen in small aliquots, and a lyophilized control serum. Pooled human urine, stored frozen in small aliquots, was used to assess the precision in the urine mode. Linearity was assessed by analyzing appropriate solutions of NaC1 and KC1. These were measured twice daily on 24 different days and the results averaged. Potential interferences in the blood mode (Na, K, Ca2, Mg2, Lit, NH, PO4, pH, creatinine, uric acid, and urea) were tested in either an aqueous or a serum matrix in a manner described previously (1, 2) . Possible interference from ammonia, magnesium, creatinine, and urea in the urine mode was assessed with use of aqueous solutions (2) .
Analytical recovery studies were performed by adding small amounts of 1000 mmolj'L NaCl or 100 mmol/L KC1 to pooled sera, to increase the concentration of sodium by 10 and 25 mmolIL and of potassium by 0.5 and 2.5 mmol/L. This was done with two different pooled sera and the recovery was expressed as (concentration recovered/concentration added) x 100. Carryover was assessed by analyzing a lyophilized quality control material (serum or urine) reconstituted with water before and after a sample of the same material reconstituted with 1400 mmolIL NaCI solution.
Plasma (lithium heparinate anticoagulant) samples collected no more than 24 h earlier were analyzed in duplicate for sodium and potassium with the aca/ISE and either flame photometry or the Orion SS-30. No more than 20 comparisons were performed on a single day. The acafISE A standard was used to calibrate all three instruments. Total protein, albumin, and triglycerides were also measured with the aca. Additional studies were performed with plasma or serum samples to assess the influence of hyperlipemia (4) or hyperproteinemia (5) as previously described. Values obtained for whole blood with the aca/ISE were compared with those obtained with the Nova-i. In addition, sodium and potassium values for whole blood and the corresponding plasma were compared with the asa/ISE, utilizing protocols described previously (6).
For
mmol/L and 98.8 (SD 0.6) mmoIIL for sodium and potassium, respectively, when assayed with the aca/ISE at a threefold dilution.
Results
The intra-assay coefficient of variation (CV) ranged from 0.1 to 0.3% for sodium and from 02 to 1.3% for potassium. Similar studies using a urine control material (Na = 30.0, K = 19.3 mmoli'L) assayed at a threefolddilution showed a CV of 0.9 to 1.8% for sodium, 0.8 to 2.2% for potassium.
The interassay CVs (number of days = 32-37; number of analyses = 85-88) for sodium in the blood mode were 1.1, 1.1, and 0.8% at mean values of 118.0, 147.9, and 153.0 mmol/L, respectively. For potassium, the CVs were 1.7, 1.5, and 1.5% at mean values of 3.5, 5.2, and 6.6 mmoJiL, respectively. For urine, the interassay CV for sodium was 3.3% and 0.9% (mean values of 31 and 160 mmolJL), for potassium 3.0% and 4.8% (mean values of 19 and 126 mmol/L).
In the serum mode, all four instruments gave linear responses for sodium from 50 to 300 mmol/L at a constant [K] of 4 mmol/L. Potassium values were also linear when tested from 1 to 15 mmoIiL against a constant 140 mmol/L sodium background. The aca/ISE also gave linear responses in the urine mode for both Na and K when solutions 10 to 300 mmol/L in both NaC1 and KC1 were assayed at a threefold dilution.
None of the substances we tested at concentrations likely to be found in blood interfered in the serum mode. With the instrument in the urine mode, no interferences were found, except that potassium increased by -2% for each 100 mmol of NH4C1 per liter above 200 mmoIJL. Analytical recovery for sodium with the aca/ISE ranged from 88 to 96% and by flame photometry from 81 to 111%. For potassium, the recovery with the acafISE was 83 to 103% and by flame photometry was 78 to 100%. The carryover for serum was only 0.03% and for urine, 0.12%. Table 1 was subtracted from the osmolality calculated with the Na values from the three techniques, differences of -1.1 (SD 5.5), -1.9 (SD 7.0), and -12.8 (SD 8.2) mOsmolIkg, respectively, were found. aca/ISE values for whole blood were variably higher than those with the Nova-i, and values for potassium in whole blood were up to 40% higher than plasma values.
The values for urinary sodium at a threefold dilution agreed reasonably with those by flame photometry (n = 99), the correlation coefficient being 0.996 and the least-squares regression equation aca/ISE value = 0.942 flame photometric value + 4.94. If the values performed at a 12-fold dilution were substituted for those at a threefold dilution for samples with an aca/ISE value (threefold dilution) 120 mmol/L, then the regression equation improved to acaIISE value = 0.996 flame photometric value + 2.66 (r = 0.997), results similarto those obtained with the Nova-i analyzer (2) . 
Discussion
The aca/ISE, when used in the blood mode, was free of interference, response was linearly related to concentration, results were precise, recovery was comparable to that with flame photometry, and there was no carryover. It gave values for plasma close to those obtained with another direct potentiometricanalyzer, the Orion 55-30, and gave slightly higher values than flame photometry, in agreement with studies of other direct potentiometric analyzers (1-3) . The reason for the slightly higher values by direct potentiometry is not yet clear, although it is being intensely investigated (7) (8) (9) . In samples with hyperlipemia and hyperproteinemia the aca/ISE values were more clinically relevant than the lower flame photometric values, in agreement with studies with the Nova-i analyzer (4, 5) . Whole blood cannot be accurately analyzed with the acaflSE, for unexplained reasons.
The functional and mechanical features of the aca/ISE attachment are similar to other direct potentiometric analyzers and do not hinder its routine operation in any way. Maintenance and trouble-shooting over the six-month period of this evaluation were easily accomplished. Error codes generated by the aca/ISE microprocessor assist greatly in trouble-shooting. The error-detection algorithms were found to be overly sensitive, because we found agreement between those values printed with an error code and repeat analyses that had no error codes. We presume that this has been rectified by the manufacturer. Another minor problem was the propensity for fluid to leak from around the septa of the electrode sampler, which happened more often than the Du Pont manual suggested it would.
Used in the urine mode, the acaflSE was free from interference from the substances tested, linear, precise, and showed no carryover. When samples were diluted threefold as recommended by Du Pont, the values for sodium agreed reasonably with flame-photometric values. The agreement could be improved by diluting 12-fold any urines with sodium values of 120 mmolJL or greater.
For urine samples with potassium exceeding 20-30 mmoll L, values were clearly lower when analyzed at a threefold dilution. At a 12-fold dilution the aca/ISE values agreed much better with flame-photometric values, although there was still an underestimation at higher potassium concentrations. The cause for the low values appears to be interference by an anionic species in urine with valinomycinpolyvinylchloride potassium electrodes (10) . Our experience suggests the interference can be removed by treatment with an anion-exchange resin or by high dilution (10). That high dilution overcomes the electrode interference in urine explains why indirect potentiometric instruments with such electrodes can measure potassium accurately in urine (11, 12). Until treatment with anion resins, higher dilutions, or newer electrodes are fully evaluated we suggest analyzing all urine samples at both a threefold and 12-fold dilution in the aca/ISE. Results for sodium that are <120 mmol/L with the threefold dilution should be accepted; results with the 12-fold dilution should be used for values exceeding 120 mniollL. For potassium the value obtained for the 12-fold dilution should be used and results >80 mmol/L should be analyzed by an alternative technique or reported as "greater than or equal to" the value obtained.
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